Lignocellulosic model compounds and aspen wood are processed at supercritical hydrothermal conditions to study and understand feedstock impact on biocrude formation and characteristics. Glucose and xylose demonstrate similar yield of biocrude and biochar, similar biocrude characteristics, and it is hypothesized that reaction mechanisms for the two model compounds are indistinguishable. Glucose and xylose are main sources of substituted cyclopentenones and substantial contributors to oxygenated aromatics mainly in the range of C 6 -C 9 number of carbon atoms, and potential, sustainable biogasoline candidates. Lignin yields predominantly aromatic biocrudes having similar C 6 -C 9 number of carbon atoms.
It was further found that the first group of 5-membered derivative compounds originated 44 from the carbohydrates and that the aromatic derivatives originated both from the carbohy-45 drates and lignin. The compounds obtained consisted mainly of oxygenated paraffins, olefins 46 and aromatics and ranged primarily from the C 5 to C 10 number of carbon atoms, and had 47 been identified as promising drop-in gasoline candidates [21] . It was also found that the 48 distribution of 5-membered compounds and aromatics was almost invariant to reaction time 49 but sensitive to reaction temperature and feedstock composition, as mentioned above. 50 Although these observations are indicators of expected product compounds, it is of par-51 ticular interest to investigate if the distribution of the two primary compound pools can be 52 predicted and produced selectively based on varying the feedstock composition. If this is the 53 case, it provides an opportunity to tailor biocrude composition to the intended downstream 54 purpose by manipulating the feedstock composition. 55 To the best of our knowledge, a comprehensive study investigating lignocellulosics from 56 a single model compound and model mixtures point of view does not exist. The main ob-57 jective of this study is thus a novel contribution to the understanding of the chemistry of 58 biocrude formation and the quality of such biocrudes from a model compound viewpoint. It 59 is generally accepted that alkaline conditions and high process severity leads to higher quality 60 biocrude, which justifies processing at supercritical conditions compared to subcritical con- All experiments were carried out in rapidly heated, 10 mL batch micro-reactors. For wt. % of the input bio-feedstock (pH 11.5). The reactor was purged with nitrogen before 86 heating, and then heated to 400 • C in a pre-heated fluidised sand bath (Techne SBL-2D) for 87 15 minutes (including the heating period) and finally quenched in water. Aspen wood was processed in order to investigate and characterize obtained water-151 insoluble chemical compounds. Figure 1 shows that approximately 42 % of the aspen wood is 152 converted into a water-insoluble but ether-soluble biocrude, consisting of numerous chemical 153 compounds. The solid yield amounted to approximately 18 %.
154
GC-MS analysis was carried out to study the chemical compounds contained within the 155 biocrude in order to investigate the origin of the compounds presented in Table 3 . 156 Firstly, it is observed that for aspen wood the chemical compounds can be grouped into 157 two main groups, cyclopentenones (CP) and oxygenated aromatics (OA), as it was found 158 from processing fronds [12, 13] . Moreover, it is observed that the majority of compounds 159 range from C 5 -C 9 , typical for gasoline range hydrocarbons. In order to characterize the 160 different compounds their H/C eff ratios have been plotted against the total chromatogram in 161 Figure 2 . It is noted that the CPs generally show higher H/C eff ratios than the OAs, which 162 is consistent with the hydrogen deficiency, Ω, observed in Table 3 . The CPs exhibit Ω of 2 or Based on the PCA, the CPs generally showed higher hydrogen content and lower oxygen con-171 tent than the OAs, which corresponded to the H/C eff ratios. Furthermore, it was recognized 172 that the OAs showed mostly higher densities and higher boiling points than the CPs. From 189 Figure 1 shows that lignin produced a significantly amount of biochar, around 50 wt.
190
%, and less biocrude, around 15 wt. %, than is the case of glucose and xylose, which is 191 consistent with previous studies [11, 25] . Although it appears that glucose produces slightly 192 more biocrude than xylose (30.6 vs. 28.2 wt. %, respectively), and slightly less biochar (6.9 represented, but also to a minor extent alkyl groups present. The absorptions between 1780 222 and 1680 cm −1 is attributed to C=O bond stretching and is observed to be more intense for 223 biocrudes obtained from carbohydrates and aspen wood than for the lignin-derived biocrude. Based on IR interpretation the aspen wood biocrude exhibits more C=O functionalities than 239 the lignin-derived biocrude, and slightly less than the glucose and xylose derived biocrudes.
240
It was observed that IR spectra of biocrudes obtained from any of mixtures (Mix1-5) show 241 similar properties. In fact, by comparing any of the biocrudes from the three model com-242 pounds and mixtures hereof with the aspen wood or real lignocellulosic biomasses from other 243 studies, it is remarkable how similar the biocrudes are in terms of IR spectroscopy [26, 28] .
244
This is further supported by observing the GC-MS spectra of the four biocrudes from the 245 three model compounds and the aspen wood in Figure 3 . Although the relative abundances 246 vary for the individual compounds, significant similarities can be identified. It is readily 247 observed that the majority of chemical compounds from both biocrudes are alike, which was 248 also suggested by the IR spectra. In fact, all the compounds identified from the model com-249 pound biocrudes were traced in the aspen wood-derived biocrude. Diverging from this trend is the aspen wood-derived biocrude. In structural composition,
262
Mix4 mimics the aspen wood but it clearly appears that the wood biocrude displays a more Table 3 . The reaction mechanism is complex and consists of multiple chemical reactions. The ap-320 parent similarities between the glucose and xylose biocrudes both in terms of yield, composi-321 tion and the chemical analyses performed, suggest that the chemical mechanism is identical 322 for the two model compounds. This fact significantly reduces the mechanism complexity, and 323 it is hypothesized that all carbohydrates performed equally and that lignocellulose, in general, 324 then can be modeled as only carbohydrates and lignin, without considering the distribution 325 of cellulose and hemicellulose macrostructures.
326
Carbohydrates are known to degrade along two main pathways in hot-compressed wa-327 ter; dehydration and Retro-Aldol condensation. As previously noticed in other studies, the 328 product compounds observed in the biocrudes, suggest that glucose and xylose follow the 329 dehydration pathway, leading to cyclization of the C 5 (xylose) and C 6 (glucose) structures 330 such as furfural and 5-HMF [4, 19] . At severe conditions furfurals undergo decarbonylation 331 losing oxygen and carbon causing a decrease in carbon chain number, or dehydration leading 332 ultimately to the formation of aromatic compounds (OAs) [33] . Furthermore, the increase in 333 carbon chain numbers to mainly C 5 -C 9 compounds then suggests substitution and condensa- Table 4 shows the time dependent total carbon content (TOC) and the pH of the wa-339 ter phase when processing glucose, which manifests, that acidic compounds were initially 340 formed, most likely alongside dehydration reactions. The pH was observed to decrease dras-341 tically from an initially strong alkaline solution to acidic conditions. The pH then slightly From the GC-MS spectra in Figure 3 it is noted that the first distinct peak, identified to 353 be diacetone alcohol, was far more pronounced for the model compound biocrudes than for 354 the aspen wood biocrude. It is hypothesized that diacetone alcohol formed via condensation 355 of two acetone molecules; acetone, which was known to form from acetic acid condensation. in mind that residual polysaccharides are likely to be found it the alkali lignin due to a 359 non-ideal fractionation, which may explain the presence of diacetone alcohol formed from 360 carbohydrates. The formation of cyclopentene and cyclopentane derivatives (CPs) is a more 361 complex mechanism, but it is here proposed that diacetone alcohol cyclization is a plausible 362 reaction for the formation of the cyclopentane backbone. Substitution and condensation 363 reactions, hydrogen-transfer reactions etc. may then assist in increasing the number of carbon 364 atoms of the resulting compounds.
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Lignin is believed to degrade primarily through cleavage reactions or by hydrolysis of In conclusion, the biocrudes obtained are potential sources of sustainable biofuels, of 426 which the properties can be controlled by feedstock composition. However, more work has
